The increasing emergence of antimicrobial resistance in food animals is a growing global concern and is closely linked to animal husbandry practices. In this study we describe the changement of antimicrobial resistance in beef calf production in Switzerland from 1986 through 2011. Data were collected from farms with known calf herd problems, such as diarrhoea or pneumonia, along with antimicrobial resistance from those herds. The Herd Health Section of the University of Zurich visited each farm. Samples were analysed for bacterial growth and resistance test commonly indicated in diseases such as calf pneumonia and diarrhoea. Each resistance test comprised of samples from at least three diseased animals. For diarrhoea, a faeces sample was used, for pneumonia a deep nasal swab was taken. In nasal swabs, only batches yielding considerable bacterial growth in three individual animal samples were included for diagnosis. Other growth of bacteria was considered as contamination. The results consisted of bacterial resistance to antibiotics against defined diseases such as calf diarrhoea and calf pneumonia at herd level. This approach is reflecting the situation as found in practice when a calf has to be treated without delay and without results from further laboratory diagnostics. In diarrhoea cases, four antibiotics showed no bacterial resistance. Bacterial resistance of below 10% was observed to three antibiotics. Up to 20% bacterial resistance was found to two antibiotics. Eighty per cent and over was found to be six antibiotics. Bacterial resistance to two antibiotics was found in over 90% of samples and all samples were resistant to one antibiotic. In pneumonia three antibiotics showed no resistance; one was below 10%; four antibiotics were below 20%. Over 80% of samples were resistant to four antibiotics. One resistance was over 90% and all bacterial samples were resistant to two antibiotics. Differences in bacterial resistance between pneumonia and diarrhoea in two study periods with equal cases, i.e. 
Introduction
The increasing emergence of antimicrobial resistance in food animals is a growing global concern and is closely linked to animal husbandry practices. We present here a prevalence study of antimicrobial resistance in beef calf production in Switzerland. Typical husbandry practice in Switzerland is for beef calves to leave their farm of origin around the 10 th day post partum only protected by a passive immunity, i.e. by the immunity acquired by the colostrum transfer [1] . This early transport of calves is the result of a high demand for white or light reddish beef by the consumer, resulting in the slaughter of beef calves at an age of approximately four months. To get an acceptable margin of price by daily weight gain, calves must enter the beef calf farm at this early age. The presence of calves which have exhibited an IgG transfer failure, and therefore have no protection, is commonplace [2] . Moreover, protection provided by colostral antibodies is only present for the infectious agents in the farm of origin, and not in the new stable where the young beef calves are sent, often in groups of 50 and more, each originating from a different dairy farm. Both these factors are classical risk factors for diseases, which thrive on crowded conditions. To overcome such disease exposure issues, antibiotic therapy is widely utilized in beef calf production. In Switzerland close to 100% of calves are treated with antibiotics. Antibiotic treatment is often used as protective treatment by mixing antibiotics into the milk served by an automatic feeding system or as topdressing on bucket milk. The veterinary practitioner chooses the antibiotic by clinical rather than by aetiological diagnosis. This is followed by information on availability by law, commercial availability and information of bacterial resistance in time and location. No antimicrobial resistance test is normally performed. If the initial treatment does not meet the necessary goals, then a second, and then a third choice therapy is tried.
We present here a study of the prevalence of antimicrobial resistance relevant to the major diseases in beef calf production, i.e. pneumonia and diarrhoea, exploring this over two study periods with equal cases, i.e. 1986-2006 and 2007-2011 . Identifying emerging trends in the magnitude and speed of change in bacterial resistance profiles is an essential first step in identifying potentially poor animal husbandry practices, with regard to the use of antimicrobial therapies.
Animals, Material and Methods
The study protocol had not to be approved by the Animal Care Committee of the Canton of Zurich, Switzerland, because all samples were taken during standard veterinary diagnostically work.
A total of 1847 dairy farms were visited. Out of these 1847 farms, 49 (2.7%) had herd problems with calves, mainly diarrhoea or pneumonia. A herd problem was defined according to Radostits and Blood [3] where at least 10% of the animals at risk have to show a certain disease (Figure 1) . The farm size consisted of 10 to 100 meat calves. All farms were visited at least once and samples were taken once during the first visit. All sample were transferred to the laboratory within one day. Standard microbiological analysis for bacteria was performed and a resistance test was followed. Between 1986 and 2011 different resistance tests were performed, typically utilizing disk-diffusion and cluster analysis of inhibition-zone patterns.
As for herd problems the case definition is set at one farm. In 26 cases (53%) the diseased calves were less than or equal to one month of age. All calves under investigation were less than six months old. Samples were analysed for bacterial resistance against specific antibiotics, but results were collected, for bacterial resistance against antimicrobials commonly indicated in diseases such as calf diarrhoea and calf pneumonia at a herd level. Bacteriological findings were checked to be a possible causative agent and in accordance with the herd problem for calf pneumonia or diarrhoea according to Radostits and Blood [3] . A resistance test comprised of samples from between three to eight diseased animals. For diarrhoea a faeces sample was used, for pneumonia a deep nasal swab was taken. In nasal swabs only medium (++) or intensive (+++) growth in all 3 samples was used for diagnosis. Other growth of bacteria was considered as contamination.
On these 49 farms with calf problems as a herd problem, 290 samples for bacteriological testing were collected. The isolates are given in Table 1 . A comparison of bacterial resistance rates for various antibiotics between farms with calf pneumonia and calf diarrhoea, as a herd problem, was made. All tests were performed either at the institute for Food Security or at the institute for Veterinary Bacteriology according to accredited procedures. The laboratory procedure varied over time slightly but in general the procedure was as followed: Bacteri alanalyses were performed using different agarplates (Oxoid, Columbia Sheep BloodAgar, Hampshire, UK; Oxoid, MacConkey, Hampshire, UK) and incubated for 48 hours at 37˚C under aerobicconditions. After incubation, the different bacteria were isolated and purified by restreaking on agarplates. A variety of selective media were used in case of suspicion of a respective bacteriological organism. The total aerobic bacterial grow was determined on Colombia blood agar plates © and coliforms on Gassner agar plates © . Enterococcal colonies were grown on bile esculinazide agar plates © and staphylococcal and streptococcal colonies on Colombia CNA agar plates © . Plates were incubated aerobically for 24 hours at 37˚C. De Man Rogosa Sharpe agar © was used to grow lactobacilli under aerobic conditions for 72 hours at 30˚C. Clostridial colonies were cultured on lactose egg yolk agar plates after strict anaerobic incubation at 37˚C. The susceptibility of the isolates was evaluated according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST). A total of 76 bacteriological resistance tests out of 49 farms were evaluated.
Years 1986 through 2006 were compared with years 2007 through 2011. These unequal sampling periods were used to get on one hand equal sample size and on the other hand the use of antibiotics was newly regulated by federal law: The use of antibiotics in meat calves was only allowed by an official receipt with exact calculation of the amount of used antibiotics and periodically control of the feeding system. Single year calculations were not performed due to the small amount of cases.
All dairy farms were assigned to one of ten geographical regions according to their respective Swiss zip code.
Results of bacterial resistance were compared with the amount of antibiotics used in farm animals in Switzerland (Data provided by Swiss medic, Arch-vet 2007 until 2011).
The data were analysed using Stata (Stata Corp., 2011; Stata Statistical Software: Release 12.0; College Station, Texas, USA). Frequency counts, means and standard deviations were calculated. For n (expected) ≥ 5 in each cell a Chi-Square-test was performed. For n (expected) ≤ 5 then a Fisher's exact test was instead used. A p-value of ≤0.05 was considered as significant. A p-value between 0.05 and 0.2 was considered as a tendency.
Results
Out of 49 beef calf farms with herd problems, 22 (44.9%) had problems with pneumonia, 13 (26.5%) had diarrhoea, three (6.1%) had pneumonia and diarrhoea. The distribution of main herd problems is presented in Figure  1 .
The spatial distribution revealed that most of the farms sampled came from the region of Zurich (20, 40.8%) followed by the central part (6, 18.4%), eastern and the northeastern part of Switzerland (each 5, 10.2%). This distribution is indicative of convenience sampling due to local accessibility of the eastern part of Switzerland to the University of Zurich. No spatial differences were found.
In all cases, i.e. calf diarrhoea and pneumonia, Florfenicol was the only individual antibiotic which showed no bacterial resistance over the whole study period. A prevalence for antimicrobial resistance of up to 10% within the 49 meat calf farms was observed to Marbofloxacin and Amikacin, between 10% -20% to Apramycin and Ceftiofur and below 30% Amoxicillin/Clavulanicacid, Cefquinom, Enrofloxacin and Gentamicin. Over 70% of cases i.e. meat calf farms with either calf pneumonia or diarrhoea were found to be resistant to Fusidic acid, Spiramycin and Sulfamethoxazole. Erythromycin, Clindamycin, Lincomycin and Tylosin showed more than 80% bacterial resistance. Bacterial resistance to Metronidazole was observed in 92.5% of cases.
In diarrhoea cases Apramycin, Florfenicol, Marbofloxacin and Ceftiofur showed no bacterial resistance. Bacterial resistance of below 10% was observed to Enrofloxacin, Gentamicin and Spectinomycine. Up to 20% bacterial resistance was found to Amikacin and Cotrimoxazole. Eighty per cent and over was found to Pristinamycine, Penicillin G, Lincomycin, Erythromycin, Fusidinacid and Clindamycin. Bacterial resistance to Spiramycin and Tylosin was found in over 90% of samples and all samples were resistant to Metronidazole.
In pneumonia Ceftiofur, Florfenicol and Marbofloxacin showed no bacterial resistance. Apramycin was below 10%. Amikacin, Cefquinom, Enrofloxacin and Gentamicin were below 20%. Over 80% of samples were resistant to Clindamycin, Erythromycin, Lincomycin and Sulfamethoxazole. Bacterial resistance for Tylosin was over 90% and all samples were resistant to Metronidazole and Spiramycin.
Differences in bacterial resistance over the whole study period between pneumonia and diarrhoea are pre-sented in Table 2 . A difference over time by the amount of used antibiotics was significant for Enrofloxacine (p < 0.01, Pearson chi 2 -test) exact and a tendency was found for Doxycycline (p = 0.13, Pearson chi 2 -test), Gen- n/N = antimicrobial resistant samples in meat calf farms with a herd problem/total antimicrobial samples in meat calf farms with a herd problem.
compared with years 2007 through 2011. These unequal sampling periods were used to get equal sample size. Single year calculations were not performed due to the small amount of cases.
Discussion
Our analysis reveals a number of valuable new insights into clinical procedures in practice in relation to the spread and emergence of antimicrobial resistance in beef calf production. On the one hand bacteriological resistance was not measured as resistance to a certain bacteria against a given antibiotic, but rather resistance against a specific disease, i.e. calve pneumonia and diarrhoea. This approach is in accordance with the situation of a practitioner who is treating a disease without any laboratory information at first hand rather than the causative bacteria. The bacterial resistance, which led to a bacterial resistance against a certain disease, was measured at a herd level by combining at least three deep nasal swabs. Only considerable bacterial growth (++ to +++) was considered as important. Minor growth (+) and mixed flora were not considered as important. Even calf pneumonia and diarrhoea is a major herd health problem in Switzerland only 49 cases, representing 2% of all herd problems, were referred to the herd health unit of the University of Zurich. This is due to the very small margin of financial gain in meat calf production, which leads to the "try and error" method in selecting drugs and not to use any expensive laboratory diagnostics [11] .
Only Enrofloxacin (Baytril ® ) showed a substantial difference in bacterial resistance between calf pneumonia and diarrhoea. This might be the result of its frequent use in calf pneumonia because it is normally sensitive to the most frequent infectious bacteria in calf pneumonia [4] .
Due to the long study period, i.e. 1986 to 2011, some antibiotics were newly introduced to the antibiogram and some were skipped. The percentages have to be used with caution due to the low number of tests performed.
Out of the 38 antibiotics tested, only Enrofloxacin (Baytril ) is actually used very frequent in veterinary medicine [5] . The Swiss federal agency for drug release (Swiss medic) reported for 2011 a rise in the use of Fluoroquinolones. Enrofloxacin is part of the Fluoroquinolones [5] . This is important because Quinolones are considered as reserve antibiotics in human and veterinary medicine.
ARCH-vet found for 2010 a high prevalence of bacterial resistance against Sulfamethoxazole, Streptomycin, Tetracycline, Erythromycin and Ampicillin [5] . Cephalosporins of the third and fourth generation were sold more and more between 2006 and 2010 [5] . An increase in bacterial resistance rates to these drugs in food animals has therefore to be very carefully considered as these groups of antibiotics belong to the most important group in veterinary as well as human medicine. If our results of different bacterial resistance over time are compared with the amount of antibiotics used in farm animals in Switzerland (Data provided by Swiss medic, Arch-vet 2007 until 2011), a reduction in bacterial resistance can be found in 5 out of 7 cases when the total amount of a certain used antibiotic was decreased. In 3 out of 3 cases the bacterial resistance kept steady when the amount of antibiotic used was increased.
The overall situation of antimicrobial resistance within the Swiss farm animal population is stable [4] . A causal relationship between an increase in antimicrobial resistance in human and veterinary medicine is still an important open question. The prevalence of antimicrobial resistance important for human medicine is very low in beef calves. Beef calves can be a reservoir for resistant bacteria [6] . In any case, it is very important to fight any possibility of the transfer of antimicrobial resistance between and within animals and humans by feed or food [7] .
There are regional differences in the use of antibiotics even in the narrow confines of Switzerland [4] . The cantons in the French western part of Switzerland such as Geneva, Valais, Neuchatel and Vaud have a higher usage of antibiotics than the northeastern cantons like Thurgau, Sankt Gallen and Zurich [8] . Sulphonamides followed by Tetracycline and Penicillin are the most used antibiotics in Switzerland [5] .
Since 1999 the use of antibiotics for growth promotion has been forbidden in Switzerland [9] . In the meantime the EU has introduced similar regulations. Additionally the use of antibiotics has to be documented [7] . As found in this present study the levels of bacterial resistance has been reduced by this antibiotic growth promotion ban, but, as mentioned by the working group, it will take a long time before a significant reduction is observed. Switzerland has a good (i.e. low) level of bacterial resistance in global terms, but there is a high risk of soil contamination by Enrofloxacin, Tetracycline, Tylosin and Sulfadiazine, as in Belgium, Ireland, the Netherland, Germany and Great Britain [10] .
Finally, multi resistant bacteria are of major concern. Therefore antibiotics have to be used with considerable caution, and their use restricted to skilled specialist practitioners. Monitoring the use of antibiotics and the prevalence of bacterial resistance in human and veterinary medicine is of major importance, and arguably one of the key areas in global one health [11] - [13] .
Conclusion
Bacteriological resistance was not measured as resistance to a certain bacteria against a given antibiotic, but rather resistance against a specific disease, i.e. calve pneumonia and diarrhoea. There are regional differences in the use of antibiotics even in the narrow confines of Switzerland. The overall situation of antimicrobial resistance within the Swiss farm animal population is stable over time. But there is an indication that antimicrobial resistance is depending on the amount of the respective antibiotic. This finding raises the obvious question whether antibiotics should be removed from the marked ones by a period of about 10 years to avoid antimicrobial resistancy. This would help to control not only bacterial resistance but also the use of the limited amount of antimicrobial drugs available. Such a control program would need to be established by international and national drug agencies as well as the pharmaceutical industry. Such a program would require extensive international validation.
